Phosphatidylinositol 3-kinase and protein kinase D1 specifically cooperate to negatively regulate the insulin-like growth factor signaling pathway.
Insulin receptor substrate-1 (IRS-1) is a key protein in the insulin-like growth factor (IGF) signaling whose tyrosine phosphorylation by the type 1 IGF receptor is necessary for the recruitment and activation of the downstream effectors. Through the analysis of cross-talks occurring between different tyrosine kinase receptor-dependent signaling pathways, we investigated how two growth factors [epidermal growth factor (EGF) and fibroblast growth factor (FGF)] could modulate the IGF-I-induced IRS-1 tyrosine phosphorylation and its downstream signaling. EGF and FGF inhibited IGF-I-stimulated tyrosine phosphorylation of IRS-1 and the subsequent IGF-I-induced phosphatidylinositol 3-kinase (PI 3-kinase) activity. These EGF- and FGF-inhibitory effects were dependent on both PI 3-kinase and protein kinase D1 (PKD1) signaling pathways but independent on the extracellular signal-regulated kinase (ERK) pathway. PKD1, which was activated independently of the PI 3-kinase pathway, associated with IRS-1 in response to EGF or FGF. Unlike PI 3-kinase, PKD1 did not mediate the EGF- or FGF-induced-IRS-1 serine 307 phosphorylation which was described to inhibit IRS-1. Interestingly, specific inhibition of either PI 3-kinase or PKD1 totally impaired EGF- or FGF-induced inhibition of IGF-I-stimulated IRS-1 tyrosine phosphorylation. This indicated that serine 307 phosphorylation of IRS-1 is not sufficient per se to inhibit the IGF signaling pathway and demonstrated for the first time that the negative regulation of IRS-1 requires the coordinated action of PI 3-kinase and PKD1. This further suggests that PKD1 may be an attractive target for innovative strategies that target the IGF signaling pathway.